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INTRODUCTION
In the last 200 years, cultivation, livestock grazing and other anthropogenic activities have destroyed 80% of the riparian corridors along North American and European streams and other water bodies (Naiman and Dechamps 1997) . Riparian zones are not only highly diverse ecotones (Naiman et al. 1993 , Manguson 1999 , but they represent the last interface before particles and terrestrial inputs enter the aquatic ecosystem (Wenger 1999) . Human-induced landscape changes may be the greatest contributing factor for the decline of our ecological resources, especially our aquatic ecosystems. Habitat destruction and alteration of the physical structure of the habitat is 1 of the 5 biggest threats to aquatic ecosystem health and biodiversity (Karr and Chu 1999) .
In most cases, dramatically altering the quality of the watershed landscape will degrade the stream ecosystem it is spatially connected with, including the biological communities (Allen et al. 1999 ). In the absence of an undisturbed catchment, a naturally vegetated, intact riparian zone is viewed as critical to maintaining the biological integrity of the stream ecosystem (Gregory et al. 1991) . In a study of Michigan rivers, the number of upstream disruptions to the riparian corridor was more important than the width of the vegetated riparian zone (Goforth et al. 2002) , although disturbed riparian communities promoted invasive species within the terrestrial and aquatic ecosystems. Restoration of conditions to a pre-human impact state is virtually impossible in most aquatic systems (USEPA 1998) . A more practical water quality goal would be to reduce the frequency and intensity of disturbances in the watershed. To maintain aquatic habitat integrity, 10-30 meters (35-100ft) of native riparian buffer should be preserved along all streams, including intermittent and ephemeral channels (Wenger 1999) . In heavily grazed areas of the west, fenced areas that restricted animals from the riparian zone showed improved stream bank integrity and far less bank failure, thus minimizing erosion (Beschta & Platts 1986 ).
Aquatic macroinvertebrates and fishes are commonly used as bioindicators of ecosystem health, because their abundance, diversity, presence or absence, and community structure are greatly influenced by water and habitat quality (Barbour et al. 1999) . Benthic macroinvertebrate biomonitoring has become a ubiquitous term among aquatic scientists and watershed managers (EPA 2004) . Their use in "multimetric biotic indices" (IBI's) which may also include chemical, physical and other biological attributes, has been the cornerstone of many biomonitoring programs at the state and federal level (Karr 1993) . As our knowledge of macroinvertebrate tolerance levels to certain stressors expands, we are better able to make causal inferences when shifts in the community occur. In a Montana aquatic community classification project, Stagliano (2005) defined the Northwestern Great Plains (NWGP) Perennial Spring ecological system, and derived the expected macroinvertebrate communities of reference and degraded stream types.
Many of these NWGP perennial spring sites were described from sites sampled in a study performed on the Custer National Forest in 2004 (Stagliano 2004 ).
This current study examines the structure and function of riparian plant, amphibian & aquatic communities associated with selected perennial springs and other aquatic habitats of the Ashland District of the Custer National Forest. We will examine the relationships among riparian plant, amphibian and macroinvertebrate communities in the context of habitat and biological integrity, and the presence of species of special concern (eg. Forest Service sensitive species). Future inventory surveys should focus on sampling other spring sites, identifying additional reference sites and monitoring sites with effective management of cattle (i.e. fencing) along riparian areas.
STUDY SITES
Stream sites (Table 1 Taylor Creek, O'Dell, Hazel Creek and Poker Jim Reservoirs were sampled for macroinvertebrates using the multi-habitat dipnet protocols, but these have not been processed due to time and money constraints.
We will report the herptofauna seen during these site visits, but macroinverts will be reported at a later date. (Barbour et al. 1999 ) was designated as the sampling site.
All of the following procedures were performed within this study reach.
METHODS
Habitat Evaluation. The evaluation of habitat quality is critical to the assessment of ecological integrity; biological diversity and stream habitat integrity have been shown to be closely linked (Raven 1998 (Barbour et al. 1999) (Fig.1) . The BLM visual-based assessment method examines physical parameters such as stream morphology, channel incisement, bare ground and substrate characterization, as well as a rating scale for the condition of the riparian area, vegetation quality, and overall reach condition. The BLM assessment is based on 6 parameters (scored 1-worst to 4-best for a best possible reach score of 24). Hereafter this site rating scale will be known as the (EPA HQI) and the best possible score is 200. Since the HQI integrates habitat metrics that range from stream channel incisement and widening to the immediate condition of the riparian area, it is a good measure of the overall reach habitat condition that can be measured consistently among sites. The LUI (Livestock Use Index) was also incorporated into the riparian habitat assessment, this involves a zig-zag walk from the bottom of the reach on the left and right banks of the stream channel visually counting the number of cow pies, and noting if these are new or old (see BLMAssessment Sheet: http://www1.usu.edu/buglab/forms/Bug%20Protocol.pdf). The amphibian crew also qualitatively rated the site as to the grazing pressure on a scale of 0-3 (zero=no grazing 3-intensive grazing impacts).
Aquatic & Terrestrial Sampling Methods
Plant Surveys.
Riparian vegetation inventories were conducted along the portion of the stream reaches generally delimited by the provided GPS coordinates. Along this reach, surveys were confined to the riparian area as defined by the irregular and sometimes gradual boundaries formed by the riparian-influenced vegetation as compared to the typical upland vegetation of the surrounding area. Within this riparian zone, vascular plant species observed were recorded by lifeform (trees, shrubs, gramminoids, forbs) with associated ocular estimations of their percent vegetative cover: 01=<1% cover, 03=1 to 5% cover, 10=5 to 15%, 20=15 to 25%, 30=25 to 35%, 40=35 to 45%, 50=45 to 55%, 60=55 to 65%, 70=65 to 75%, 80=75 to 85%, 90=85 to 95%, 98= >95%. Vegetation surveys were NOT conducted using any systematic sampling procedure but were conducted as walk-throughs of the riparian areas as defined above. The surveys recorded all species readily observed at the site, including all non-native species encountered. Searches for species of concern were also conducted. Digital photos of the riparian vegetation were taken usually at the upstream and downstream ends of the reach. The Riparian Habitat or Community Type (s) were noted for each area following Hansen et al (1995 Hansen et al ( & 1988 . For complete community type descriptions see:
http://nhp.nris.state.mt.us/community/guide.asp. Finally, additional notes helpful in documenting or characterizing the site were recorded.
Amphibian Surveys.
Amphibian species were recorded at the sites on the day of the macroinvertebrate surveys as incidental observations, and on a separate amphibian crew visit following sampling protocols used by Bryce 
Maxell in previous USFS surveys (Maxell 2004).
These methods are typically timed, visual encounter surveys (Olson et al. 1997 , Heyer et al. 1994 where the entire delineated riparian area or pond are wholly searched and then the time for that search is recorded (Figure 2 ). The presence of herpetofauna species was noted while walking the stream reach or pond, as well as identifying mating vocalizations in the vicinity of the riparian sampling reach.
Aquatic Macroinvertebrate Collection.
Benthic macroinvertebrate samples were intensively collected from targeted riffle habitats (cobble/pebble substrates) using a WildcoDipnet™ with 500-micron mesh. A total of 8 samples (each 1ft 2 ) were taken in each reach and composited into a single sample starting at the most downstream riffle and working upstream. For example, if the study reach contained 3 riffle/pool complexes, 3 replicate samples would be taken from 2 riffles and 2 would be taken from the 3 rd riffle. The dipnet is held downstream from the area being sampled and all cobble, pebbles and sediments within the 12 x 12" area are disturbed and scrubbed by hand and all organics were allowed to drift into the net (see fig. 3 ). The net contents are collected on a 500 micron sieve and placed in a 1L Nalgene container filled with 95% Ethanol (ETOH) for preservation.
If shallow riffle areas were not present, EPA's multi-habitat dipnet protocol (7.2 in Barbour et al 1999) was used to sample aquatic invertebrates from all substrates and Nalgene sampling jars filled with 95% EtOH.
Samples were brought back to the Helena lab, processed and identified (genus/species level) using protocols and taxonomic resources outlined in Barbour et al. (1999) and Bukantis (1998) . A minimum target of 500 organisms was established, although many sites had far fewer invertebrates despite the entire sample being processed. Sites with abundant organisms (Cow Creek sites, Charcoal, Otter and Tooley Creek) were sub-sampled following standard protocols (Bukantis 1998 , Barbour et al. 1999 .
Total aquatic invertebrate species richness (Taxa Richness) and the EPT Richness (total number of Ephemeroptera, Plecoptera and Trichoptera taxa) were reported for each site. The MTBI (Montana Invertebrate Biotic Index) was calculated from the sample. The MTBI calculation involves the use of tolerance values of the organisms (ranked 0-10, based on Bukantis 1998 & Barbour et al. 1999 , or their tolerance to degraded conditions. Invertebrates intolerant or sensitive to disturbances are ranked lower (0-3), while those very tolerant to degraded conditions are ranked higher (7-10). Table   2a . Metric scores are added for the 8 macroinvertebrate metrics to obtain a final metric score, and this is compared to a known reference stream (the best possible score is 24). The percentage of this score can be used for the assignment impairment classification (see Table 2b ). We can see that taxa richness measures such as EPT, # Predator taxa, and % EPT are expected to decrease with increased impairment, while the MTBI, %Collectors, and % Dominant taxa will increase with impairment. The EPA HQI varied from a low score of 85 in the degraded Ash Creek upstream site to the highest score at the Cow Creek Upper site of 168 (Table 3 ). The average EPA HQI score for the 18 stream sites was 134.7. The low average score (out of a best possible 200) indicates most sites had a slight-moderate impairment of the riparian and in-stream conditions. Since the EPA habitat protocols place an emphasis on evaluating fish habitat and pools, and most of these spring streams are naturally too small to contain pools to support fish, they will obviously rank lower than expected using this protocol. Although, the EPA protocol also addresses riparian bank vegetation, siltation and bank failure, which can lead to increased wetted width and instream sedimentation.
Most stream sites had an even mix of benthic substrates (cobble/pebble/gravel), except Ash Creek, Liscom Butte up and Tooley Creeks, which were predominately silted. In terms of overall stream morphology similarity, 3 distinct lotic groups were delineated (see color-coded 
Fish Communities:
Otter Creek at the CCC Camp and Beaver Creek at the state section were the only lotic sites visited that had visible fish populations. Beaver Creek had a lake chub (Couesius plumbeus) population of individuals of various size-classes in 2 large pools (15-20m long) within the reach. Numerous minnows were seen while sampling in Otter Creek, but only a fathead minnow (Pimephales promelas) was collected during the dipnet sample that could be identified. Further investigation into the fish species present was not feasible at the time. Black bullhead were identified swimming in Poker Jim Reservoir, but none were collected.
Macroinvertebrate Community Diversity:
111 macroinvertebrate taxa were collected from all fourteen 2005 sites (118 from 12 sites in 2004), and the average taxa richness per site was 24; the most diverse sites were Otter and Charcoal Creek, each with 38 taxa, followed by Cow Creek upper with 36 taxa (see Table 4 Helichus cf. lithophilus. These are exciting discoveries because these species are fairly intolerant and persist only in higher quality sites this far into eastern Montana. Amphinemura can persist in intermittent streams through a long egg-diapause period during the summer months, and perform much of their growth in the fall and winter months emerging in May (Stewart and Stark 1993) . This early emergence may be the reason we did not collect them last year at the Cow Creek upper site or lower Charcoal Creek Site. Liscom Butte spring pool upstream had 31 taxa overall and a high diversity of beetles with 11 species. Most lotic sites had "typical" small spring stream macroinvertebrate communities with the order Diptera comprising a large portion of the taxa of all communities: the biting midges, Ceratopogonidae and many species of nonbiting midges, Chironomidae were present in all streams; snails of the genera, Physella and Gyraulus were found in 8 and 7 sites, respectively ( In terms of macroinvertebrate community, multi-metric analysis, Cow Creek upper and Stocker Branch are reference condition sites with excellent biointegrity, while Charcoal Creek, Cow Creek lower and Brian Spring #1 were classified as non-impaired, but not in the reference condition classification (Table 4 ). The only reason Brian Spring #1 made this category was the presence of the caddisfly, Limnephilus comprising a large percentage of the EPT organisms in the sample, which artificially boosted the EPT measures.
Slightly-impaired (SLI) macroinvertebrate communities included Brian Spring #2, Otter Creek, Beaver
Creek, Liscom Butte upper and Ash Creek Spring, in order of decreasing index scores (Table 4) .
Moderately-impaired sites (MOD) based on total metrics included Bloom and Tooley Creeks, while the lowest scoring (highly-impaired) sites within the MOD class were Ash Creek up, Liscom Butte DN and Rocky Creek Reservoir. A s h C r e e k U p p e r Q u a n t 1 /1
A s h C r e e k L o w e r Q u a n t 1 /1 B e a v e r C r e e k Q u a l 1 /1 B lo o m C r e e k Q u a n t 1 /1 B r ia n S p r in g 1 Q u a l 1 /1 B r ia n S p r in g 2 Q u a n t 1 /1 C h a r c o a l C r e e k Q u a n t 9 /1 6 C o w C r e e k U p p e r Q u a n t 5 /6
C o w C r e e k L o w e r Q u a n t 7 /3 0 L is c o m B u tt e D n Q u a n t 1 /1 L is c o m B u tt e U P Q u a l 1 /2
O tt e r C r e e k Q u a l 1 /1 0 R o c k y C r e e k R e s . Q u a l 1 /1 S t o c k e r B r a n c h Q u a n t 1 /1 Taxa  1  2  1  2  3  1  3  3  3  0  2  3  0  3  3  % Collecters  3  3  3  2  3  3  3  3  2  1  2  2  2  3 Integrative Community Results & Discussions.
We evaluated 33 (9 aquatic macroinvertebrate, 10 plant community, 10 riparian, physical or habitat quality, and 4 amphibian) variables and indices (Table 5a & (Table 6 ). But when we look outside of the particular taxonomic group, we can see some strong cross-disciplinary associations. Total macroinvertebrate taxa positively correlated at the α =0.05 level with the total # of plant species (R =0.56), %Native plant species (R =0.5), percent of perennials (R =0.56), and the FQAI (R =0.60) ( The MTBI is perhaps the most responsive macroinvertebrate metric, significantly correlating with 11 of the other analyzed parameters, even the Livestock Use Index ( (Table 3) . Accordingly, 14 additional taxa were reported, and the new site's macroinvertebrate community ranked non-impaired compared to last years slightly-impaired MMI rank. The other 3 sites were sampled in the exact same reach and produced different macroinvertebrate taxa results ( Figure 6 ). Cow Creek upper remained unimpaired, had similar MTBI scores, but gained 12 taxa from 2004.
Cow Creek lower reported 11 additional taxa and greatly improved it's MTBI score from 6.37 to 4.59, therefore improving it's classification to the low end of unimpaired ( Figure 6 ). Otter Creek reported 15 less taxa and declined in integrity based on the MTBI score increase causing a shift to the slightlyimpaired category (Figure 6 ). Although, these temporal community changes are found in examining only 2 years of data. The stream reaches considered for reference sites in a biomonitoring program should be sampled annually to encompass all possible within-site variability, as they are compared to newly sampled sites elsewhere in the waterhed. which makes species identification difficult, and cows were still hanging out beside the "bog". Canada thistle (Cirsium arvense), a state listed noxious weed, is present along the margins of the "bog" but not on the raised mat. No plant species of concern (SOC), amphibians or macroinvertebrates were found in the "bog". The high percent cover of Carex nebrascensis, which increases under grazing pressure is indicative of the current and past grazing history of the site. The site would key to a Carex nebrascensis Community Type in Hansen et al. (1995) which is a grazing disclimax community type; the riparian shrub community would be classified as a Crataegus succulenta Community Type (Hansen et.al. 1995) . I believe the sedge mat probably formed over a small spring/seep that provides a minor input of subsurface water to the area resulting in the saturated soils and the raised vegetation mat. The lack of mosses of any type at this site is in contrast to typical bogs/fens which develop in part as a result of moss growth and decomposition. However, it would be interesting to take a core sample of the mat to see if mosses were once present at the site and aided in the development of the raised mat that we see today. In general, true bogs do not exist in Montana due in part to our lack of summer precipitation (Chadde et al. 1998). It would have been interesting to see what plant species the site supported prior to cattle grazing, perhaps it supported a more unique flora at one time, but now the vegetation is typical of many other partially disturbed riparian sites in the region. Though the hydrology of the area (perhaps in part due to the road) has created a unique little feature, the vegetation is not unique and in fact is typical of nearby riparian sites. Although, this may be a result of grazing induced succession. Additionally, no species typical of fens in the state were observed. With that said, it would be interesting to monitor the vegetation succession if cattle were excluded from the site.
SITE COMMUNITY DISCUSSIONS (CONT.) Ash Creek Spring Area -The emergent vegetation community is classified as a Scirpus pungens
Habitat Type. The riparian slope vegetation would be a Symphoriocarpos occidentalis Community Type. The cobble/boulder areas (left photo) contained the caddisfly, Limnephilus, while the widened cattle-hummocked area (right photo) had Bufo woodhousii breeding. Spring seeps and streams in there natural condition were probably always unattractive breeding areas for amphibians, and thus should be managed for their naturally occurring biota. Unfortunately, these macroinvertebrate species are intolerant to disturbance, and unless effective riparian management is performed (e.g. cattle fencing, bank stabilization and riparian buffer planting), eventually there will be no biologically-intact Northwestern Great Plains Perennial Spring Ecosystem type left in the Ashland District. 
Ash Creek upstream site -Pinus ponderosa/Cornus stolonifera
CONCLUSIONS & RECOMMENDATIONS
Range:
The Northwestern Great Plains Perennial Spring Community type has been collected in the Custer National Forest, Wolf Mountains and the higher elevation Ponderosa pine forests of the Powder River Basin.
Management:
Grazing and livestock use around these springs should be limited to a stock tank; immediate spring areas should be fenced to avoid cattle intrusions. Soils adjacent to the springs are often waterlogged and are easily trampled and hummocked by livestock, causing severe streambed degradation, sedimentation and siltation downstream.
Global Rank: GU State Rank: S4
Global Rank Comments:
The number of occurrences is unknown. In Montana, this ecosystem is reported from 25 site visits within the Custer National Forest Ashland District, but only three of these sites contained a quality, fully functional S005 community (Stagliano 2004 (Stagliano & 2005 . In a similar ecological type, the caddisfly, Hesperophylax designatus was also found to be an indicator species of perennial springs in the Glass Mountains of the Great Basin (UT) in a 1994 survey (Myers 1995) . Therefore, this ecosystem may be widespread, but because of the limited occurrence of high integrity sites in Montana, should probably be evaluated for long-term monitoring, and restoration of degraded sites.
